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Description

The invention relates to a method of detecting a
gaseous agent in an environment, using real time
differential pulse detection (“"RDPD"), and to an
electronic system for carrying out the method.
Real time differential pulse detection (RDPD) is a
modification of differential pulse voltammetry
(IIDPVII).

Known analytical systems using conventional
voltammetry maintain an accurate potential
between the sensing the reference electrodes of
an electrochemical sensing cell which may
include, in addition to the sensing and reference
electrodes, a counter electrode.

Examples of prior art electrochemical detection
cells, which include a sensing electrode, a ref-
erence electrode and a counter electrode are
illustrated in US—A—3776832 and —3925183.
The electrodes are of a type which must be
operated in a conventional voltammetry mode
and, consequently, one cannot realize the advan-
gages of RDPD techniques.

US—A—3776832 describes a three-electrode
electrochemical gas sensor which can be adapted
to measure oxidizable or reducible gases such as
H,, CO, CO, and hydrazine, as well as other gases.
This particular known cell requires an aqueous
electrolyte.

US—A—4048041 is directed to monitoring the
concentration of nitroglycerin which is in solution
in a liquid waste water stream and is continuously
monitored by a three-element electrochemical
cell, whose cathode is a mercury pool cathode.
The electrochemical cell operates by measuring
the difference current between a grounded anode
and a negatively pulsed cathode whose potential
is rapidly changed from one level to another and
back again repeatedly by a modulator circuit.

Another exampie of a known electrochemical
detection cell, which includes an anode, a cathode
and a reference electrode is disclosed in
US—A—4201634. In this instance, the sensing or
working electrode includes a noble metal catalyst
capable of electrooxidation of hydrazine bonded
to a hydrophobic material. The electrodes are so
configured that detection cells constructed as
proposed have the same shortcoming as those
disclosed in US—A—3925183, mentioned above;
selectivity and sensitivity is limited.

Additional examples of electrochemical detec-
tion cells are disclosed and illustrated in
US—A-—4040805, —4048041, —4227984,
—4235097 and —4271121.

A detailed discussion of the theory, techniques
and waveforms used in conventional differential
pulse voltammetry as used in conventional dif-
ferential pulse voltammetry as used in
laboratories can be found in Sawyer et al.,
‘Experimental Electrochemistry for Chemists’,
pages 280, 389—394, John Wiley & Sons, New
York, New York (1974) and in Skoog et al, ‘Funda-
mentals of Analytical Chemistry’, 3rd Edition,
pages 492—494, Sanders College, Philadelphia,
Pennsylvania (1976). In this known technique, a
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linearly increasing D.C. voltage ramp is imposed
on the sensing electrode, with respect to a ref-
erence electrode, and a small D.C. puise is
superimposed on the ramp. The difference in
current at the end of the pulse and before the
pulse is utilized to determine the D.C. level at
which a particular eiectroactive species, if
present, can be detected.

Of interest as general background are a number
of publications identified as follows:

Oldham et al., ‘Analyticali Chemistry’, Vol. 38,
No. 7, June 1966, pages 867-872; Klein et al,,
“Improved Differential Pulse Polarography”,
‘Electroanalytical Chemistry and Interfacial Elec-
trochemistry’, Vol. 61, No. 1, May 10, 1975, pages
1—9. Christie et al., “Constant Potential Pulse
Polarography”’, ‘Analytical Chemistry’, Vol. 48,
No. 3, March 1976, pages 561—564. Parry et al.,
“Evaluation of Analytical Pulse Polarography”,
‘Analytical Chemistry’, Vol. 37, No. 13, December
1965, pages 1634—1637; and Schmidt et al.,
‘Modern Polarographic Methods’, Academic
Press, New York, New York {1963). A number of
electronic systems have been developed and
disclosed which effect processing of signals
developed from electrochemical detection cells,
including that disclosed in US—A—4048041,
mentioned above. Examples of such systems are
shown and discussed in US-—A—3420764,
—A4253847 and —4321322.

The known methods, techniques and systems
may be characterized as providing a limited
specificity and sensitivity.

An object of the present invention is to provide
a method of detecting a gaseous agent in an
environment, using real time differential pulse
detection (RDPD) which has improved specificity
and sensitivity as compared to conventional vol-
tammetry.

An additional object of the present invention is
to provide an electronic system especially useful
for carrying out the method.

A further object is to provide an electronic
system for detecting a gaseous agent in an
environment, which can easily be carried out by
an individual and can work in various orien-
tations.

The improvements in specificity and sensitivity
provided by the present invention are a result of
two modifications of the prior art. First, the bias of
the sensing electrode of a sensor is periodically
pulsed, overcoming the mass transfer limitations
which limited the sensitivity of prior art systems.
Second, differentiai signai processing is used,
rather than the D.C. processing used in prior
systems, resulting in important specificity
improvements. A major aspect of the present
invention includes madification of the configura-
tions of prior art sensors so they are compatible
with pulsed electronics.

In one embodiment, this invention provides a
system for detecting a gaseous agent in an
environment comprising an electrochemical
detection cell having a reference electrode, a
counter electrode and a sensing electrode; said



3 EP 0141 282 B1 4

reference electrode and said counter electrode
being spaced apart from each other and from said
sensing electrode with an electrolyte in contact
with said reference electrode, counter electrode
and sensing electrode permselective membrane
having a first surface exposed to said environ-
ment is provided for passing said gaseous agent
in said environment through said membrane to
said sensing electrode. The system includes an
operational amplifier having an output terminal,
an inverting input terminal and a non-inverting
input terminal, said output terminal being
coupled.tg said counter electrode, said reference
electrode being coupled to one of said input
terminals; means for applying a fixed D.C. voltage
bias to the other of said input terminals; means
for applying at least one differential D.C. voltage
pulse to said other input terminal to superimpose
same on said fixed D.C. voltage bias to provide a
corresponding differential D.C. voltage pulse on
its output terminal, and means coupled to said
sensing electrode and responsive to current
therefrom for determining difference in currents
produced during a period before application of
the differential D.C. voltage puise and a period
before termination thereof as an indication of
presence of said gaseous agent.

in another embodiment, this invention provides
a method for detecting a gaseous agent in an
environment by means of an electrochemical
detection cell having a sensing electrode, a
counter electrode and a reference electrode, said
reference electrode and said counter electrode
being spaced apart from each other and from said
sensing electrode and having an electrolyte in
contact with said reference electrode, counter
electrode and sensing electrode. The method
comprises the steps of exposing said environ-
ment to one side of a permselective membrane
capable of passing said gaseous agent, exposing
said sensing electrode with said gaseous agent
passing through said membrane, applying a fixed
D.C. voltage bias to the counter electrode for
supplying electrical current through said electro-
lyte to said sensing electrode to maintain a
predetermined potential at said reference elec-
trode, superimposing at least one differentiai D.C.
voltage pulse on the fixed D.C. voltage bias
applied to said counter electrode, and determin-
ing the difference between current signals pro-
duced from the sensing electrode during a period
before superimposing the differential D.C. voltage
pulse and in a period before termination of the
differential D.C. voltage pulse.

The step of superimposing at least one differen-
tial D.C. voltage pulse train on the fixed D.C.
voltage bias involves, in a preferred realization of
the method, superimposing a first train of dif-
ferential D.C. voltage pulses thereon, supplying a
second train of puises and a third train of pulses
both synchronized with the first train of pulses
and having the same repetition rate, and using
respectively the second and the third train of
pulses to control the sampling of signals from the
sensing electrode in periods before start and
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before termination of each differential D.C. pulse
of the first train, and determining the difference
between the signals produced during the periods
before the respective differential D.C. voltage
pulses and those produced during the periods
before termination of the respective differential
D.C. voitage pulses.

The system can conveniently be used in asso-
ciation with an electrochemical detection cell
which includes, in the order named, a stack of
components constituted by a first membrane, an
electrode carrier having reference and counter
electrodes thereon, a membrane support, an elec-
trode carrier having a sensing electrode thereon,
and a permselective membrane. Whatman filter
papers, or layers or another inert hydrophilic
insulator, are positioned between the sensing
electrode and both the counter and reference
electrodes, these being positionable in a central
rectangular opening of the membrane support.
These components are operatively associated
with structures which allow air or gas in the
environment to address the membranes, effect
the application of an electrolyte to space between
the electrodes by, for example, a wick which
extends between an electrolyte-containing reser-
voir and the Whatman fiiter papers.

The invention will be further described with
reference to the accompanying drawings, in
which: ) '

Fig. 1A is a graphical representation of potential
applied to a sensing electrode of a detecting cell
plotting against time, illustrating conventional
voltammetry as practiced in a laboratory.

Fig. 1B is a graphical representative of signal
currents plotted against sensing electrode poten-
tial of a detecting cell, illustrating conventional
voltammetry as practiced in a laboratory.

Fig. 2A is a graphical representation of the
voltage bias applied to a sensing electrode of a
detecting cell and current measuring periods
plotted against time, illustrating differential pulse
voltametry again as practiced in a laboratory.

Fig. 2B is a graphical representation of signal
currents plotted against sensing electrode poten-
tial of a detecting cell, illustrating differential
pulse voltammetry as practiced in a laboratory.

Fig. 3 is a chart derived from the electromotive
series of elements indicating for exemplary redox
couples theoretical relative electrode potentiais
determining whether a couple will undergo an
oxidation or a reduction reaction.

Fig. 4 is a pictorial view of a disposable module
which incorporates two gas detecting elec-
trochemical detection cells, one being shown
exploded, constructed in accordance with the
present invention and constituting the sensor of
same in its system aspect.

Fig. 5 is a graphical representation of an exem-
plary voltage bias applied to a sensing electrode
of a detecting cell plotted against time, illustrating
features of gas detection method using real time
differential pulse detection in accordance with the
present invention in its method aspect.

Fig. 6 is a pictorial view of the disposable
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module illustrated in Fig. 4 in association with a
casing which also houses an alarm unit.

Figs. 7A—7C are graphical representations
respectively of sensing electrode bias, back-
ground current and faradaic current which is to
flow in the sensor shown in Fig. 4 during oper-
ation thereof.

Figs. 8A—8C are graphical representations
respectively of sensing electrode bias, standard
prior art sensor electrode background current and
background current in the sensor shown in Fig. 4.

Fig. 9 is a simplified, schematic, block diagram
of an electronic system for detecting gas using
real time, differential pulse detection in accord-
ance with an exemplary embodiment of the
present invention in its system aspect.

Fig. 10 is constituted by a series of graphical
representations of waveforms at various points in
the electronic system shown in Fig. 9, these
representations being heipful in understanding
the operation thereof.

Before turning to the details of the present
invention as illustrated, a few brief remarks are in
order, reference being made to various of the
drawing figures, to provide an understanding of
the background of the invention in its system,
apparatus and method aspects.

Real time differential pulse detection according
to the present invention is a modification of
differential pulse voltammetry (DPV). Both
specificity improvements and sensitivity gains on
the order of 1,000 times have been realized in
analytical instruments where conventional vol-
tammetry has been replaced with DPV for reasons
mentioned below.

Analytical instruments utilizing conventional
voltammetry maintain an accurate potential
between the sensing and reference electrodes of
an electrochemical sensing cell. The potential is
increased linearly over time, as illustrated by line
Vin Fig. 1A. The current |, which is proportional to
the concentration of any species reacting at the
potentiai on the sensing electrode, is then plotted
vs. the potential of the sensing electrode, as
illustrated in Fig. 1B. Miniature detectors, which
are sometimes carried by individuals, utilizing
conventional voltammetry cannot scan the elec-
trode bias due to the extremely large capacitive
background currents that would develop at the
high surface area gas sensing electrodes when its
bias is scanned. Instead, the sensing electrode
bias is set at a fixed potential slightly above that
where the gas to be detected undergoes a redox
reaction. The sensing electrode of a detector
designed to detect gas B, as illustrated in Fig. 1B,
would be set at E,. The current at this point, minus
the background, is proportional to the concen-
tration of gas B in the air. The major drawback of
this prior art technique is that all gases oxidized
below E,, that is at E; and E, for example, will act
as interferents. For example, gas A will act as an
interferent to gas B in this example. If gas B is a
typical gas to be detected, there are a significant
number of gases which act like A in most environ-
ments.

10

15

20

25

30

35

40

45

50

55

60

65

In prior art laboratory differential pulse vol-
tammetry, as illustrated in Fig. 2A, a series of
small pulses P are superimposed on a linearly
increasing voltage ramp R. The current is
measured just before the individual pulses and
just before the end of the individuai pulses as
illustrated, respectively, as i, and i,. The DPV
signal is the difference between the average
current at the end of a pulse P and that before the
pulse. Therefore, a current vs voltage plot for a
DPV experiment yields a series of peaks instead of
plateaus, as illustrated by the dashed lines in Fig.
2B. The peaks roughly coincide with the half wave
potentials of conventional voltammetry. The
specificity advantage of DPV becomes obvious
when one examines Fig. 2B. The signal current at
E, is proportional only to the background and gas
B in the DPV mode. Gas A does not interfere since
it is included in both the current before and at the
end of the pulse. The signal current at E; has, in
effect, been cancelled. The solid curves A and B,
and the dashed curves A and B, in Fig. 2B
represent respectively conventional and known
DPV signals. The improvement in sensitivity is
due to decreased concentration gradients at the
electrode surface. The concentration gradient of
the electroactive species at the electrode surface
is the primary phenomenon limiting the sensi-
tivity of most conventional voltammetry experi-
ments. The concentration gradient is reduced in
DPV, since the electroactive species is only
depleted 20—300 milliseconds per second in a
typical application.

The present invention involves RDPD, which in
some respects is similar to DPV. The major
differences between the two are that (1) the
puises are superimposed on a fixed bias in RDPD
instead of a linearly increasing voltage ramp, and
(2) the RDPD signals are continuously sampled,
held, and updated. Real time signal monitoring is
accomplished since the update process occurs
after each pulse. The fixed bias would be set at a
small voltage, typicaily from 5 mV to 100 mV,
below E, in Fig. 2B in a RDPD detector designed to
detect gas B. A pulse of from about 10 ms to 200
ms, for example, a 20 ms pulse of approximately
20 mV would be, superimposed periodically on
the continuous fixed bias, in accordance with the
present invention. The RDPD signal would be
equal to the difference between the average
current during the last 2 to 50 ms of the pulse
minus the average current during the last 2 to 50
ms before the pulse. Detectors based on RDPD
display most of the sensitivity and specificity
advantages of analytical DPV instruments. In
addition, the background signal deviation asso-
ciated with temperature fluctuations of detectors
based on conventional voltammetry are elimi-
nated, since both sampled currents i, and i, will
vary equally with temperature.

Referring to Fig. 3, which is known from the
above-mentioned US—A—3,776,832, it is obvious
that if one were to apply a potential of +1.0 V vs.
the standard hydrogen electrode (SHE) to a vol-
tametric cell in order to detect NO, C,HsOH and
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CO may also be oxidized and act as interferents.
in practicing the present invention, however, one
would apply a fixed bias between the sensing and
reference electrodes, for example +0.80 V as
shown in Fig. 5, slightly lower than potential of
the redox couple to be detected. A small
additional puise of approximately .20 V would be
superimposed on the fixed potential such that the
sum of the fixed potential and pulse would be
greater than the half wave potential of the species
1o be detected (including overpotential). The cur-
rent would be measured before each pulse and
toward the end of each pulse as represented by i,
and i, in Fig. 5. The output signal would be the
difference between the two measures or i,—~io.

Since most interferents are oxidized equally at
the fixed background bias B and the bias B+P,
most interferents would not be included in the
signal (i,—i,). Only substances oxidized between
0.90 V and 1.10 V would be oxidized if a pulse
were applied. The sensitivity would also be
increased through the utilization of the RDPD
technique.

A disposable module is illustrated in Fig. 4, the
module including a pair of electrochemical detec-
tion cells constructed in accordance with the
present invention. The two cells are operationally
associated with a molded cell housing 10 made of
a plastic, one of the celis 11 being shown fixed to
the outside of the housing 10 by a plurality of
screws 12. The other celf is shown for the purpose
of illustration in an exploded configuration so as
to show the relationship of its various com-
ponents. It is to be understood that for most
applications, a single cell would be provided and
used. A pair of cells is provided for some applica-
tions.

A pair of electrolyte-containing reservoirs, only
one reservoir 13 being visible through a broken
away portion of a side wall, are provided within
the cell housing 10. The reservoirs communicate
with respective apertures 14, 15 which extend
through a top portion of the housing 10 and allow
one to place an appropriate electrolyte in the
respective reservoirs. When the disposable mod-
ule is being carried by a user or is in operation, it
is to be understood that the apertures 14, 15 are
closed by appropriate plugs. The reservoir 13 is
defined in part by a wall 16, which is partially
visible through a broken away portion of the side
wall of the housing 10. The wall 16 also con-
stitutes the back wall of a chamber 17 having its
bottom defined by a portion of the housing 10.
The chamber 17 is in fluid communication with
the atmosphere or other gaseous environment
via at least one aperture 18 which extends
through the bottom of the housing 10. The aper-
ture 18 is shown somewhat larger relative to
other features for the sake of clarity, it may be
constituted by an aperture having a diameter of
.02 inch {0.05 cm).

The exploded electrochemical detection cell, as
shown in Fig. 4, includes a series of members
held in stacked relationship over the chamber 17,
when the cell is assembled for operation. The
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depth of chamber 17 is shown larger relative to
other features for the -sake of clarity. It may, in
fact, be very shallow, for example, .1397 cm {.065
inch) in depth in a practical embodiment. It can be
formed by a recess in a surface of the housing 10,
the wall 16 being integral with the housing 10.
The members include an apertured rectangular
gasket 20 which is positioned about the open
front of the chamber 17. The cell has, in the order
named, in stacked relationship a polypropylene
(PPE) membrane 21 which allows passage of 0,
while not of allowing a large amount of interfe-
rent gases to pass, an electrode carrier 22 which
may be realized as a porous polytetrafluoro-
ethylene (PTFE) membrane or the like, two sheets
of Whatman filter paper or another suitable
hydrophilic insulator 23, 24, a membrane support
25, a further Whatman filter paper 26, an elec-
trode carrier 27 which may be realized as a porous
polytetrafluoroethylene (PTFE) or polypropylene
membrane or the like, a permselective membrane
28 made, for example, of a molecular sieve or
alumina impregnated with a reactive material
such as potassium permanganate, an apertured
rectangular gasket 29, a metal frame 30, and one
or more grilie members 31, 32. The membrane 28,
when made as suggested above, is especially
useful when one wishes to detect CO, while
excluding passage of H,S, alcohols and several
other gases.

The electrode carrier 27 supports or is integral
with a sensing electrode 33, the sensing electrode
being preferably of a noble metal, for example,
gold or of carbon, the noble metal or carbon
being supported by and having been applied to a
substrate of nickel or the like. The electrode 33 is
desirably in the form of mesh or screen and could
be a pure nobie metal. The electrode carrier 22
supports a pair of spaced-apart electrodes 34, 35,
these electrodes constituting respectively the ref-
erence electrode and counter electrode of the
electrochemical detection ceil of the present
invention. The reference electrode 34 and counter
electrode 35, like the sensing electrode 33, are
preferably made of a noble metal, such as goid or
platinum, or of carbon and have the form of a
mesh or screen. Alternatively, the reference and
counter electrodes could be composite electrodes
fabricated from a finely divided conductive pow-
der and an inert plastic binder, the conductive
powder being, for example, metal or carbon
powder. The reference electrode 34, the
counterelectrode 35 and the sensing electrode 33,
because of their construction, present a large
surface to the materials with which they come in
contact, particularly the electrolyte and gas from
the environment with which the sensing electrode
33 comes in contact with via the permselective
membrane 28 and the grille members 31, 32. In
order to provide electrical connections to the
respective electrodes 33, 34 and 35, these elec-
trodes are respectively provided with upwardly
extending electrode portions 36, 37 and 38 and
which may advantageously be extensions of the
electrodes proper and be respective meshes.
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Each of the stacked members 20—22, 25, and
27—32 are provided in the vicinity of their edges
with a plurality of the aligned apertures 39, six
being shown for purposes of illustration for each,
through which respective screws 40 are to extend,
the housing 10 including a corresponding and
aligned piurality of threaded bores 41 which are
to receive the screws 40 when the components
are in assembled condition.

The membrane support 25 is an insulating
member and is provided on its upper-most edge
with an insulating plate or extension 42 thereof
which is fixed thereto or made integral therewith
in a conventional fashion. Three, spaced-apart,
electrical contacts 43, 44 and 45 extend upwardly
from the insulating plate or extension 42 and
through the insulating plate or extension 42 so as
to provide respective contact areas beneath the
insulating plate or extension 42 which contact
respectively with the upwardly extending
respective metal portions 38, 36 and 37 of the
respective counter electrode 35, the sensing elec-
trode 33 and the reference electrode 34, when the
exploded cell is in its assembled condition. The
contacts 43—45 are preferably made by the same
conductive material as the portions 38, 36 and 37
of the electrodes and, if desired, may be fixed
thereto by a conductive epoxy resin containing
the same metals.

An aperture 46 extends through the housing 10
into the reservoir 13 and has therein a wick 47
which, when the members are assembled,
extends through a passageway defined by
respective aligned apertures 48 in the gasket 20,
the membrane 21, the electrode support 22 and
the membrane support 25 so as to supply electro-
lyte from the reservoir 13 to the Whatman fiiter
papers 23, 24 and 26 between the sensing elec-
trode 33 and the reference and counter electrodes
34, 35.

A further aperture 50 extends through the
housing 10 and into the reservoir 13, the aperture
50 defining a passageway, when aligned with
apertures 51 in the membrane 21 and the gasket
20, between the space between the electrodes 33,
34, 35 via a slot 52 in the top portion of the
membrane support 25 to allow gas produced to
move the reservoir 13 thereinto.

As illustrated in Fig. 4, the disposable module
includes between the two electrochemical sens-
ing cells a portion shown as an elongated, longi-
tudinal protrusion 52 which includes within it a
battery for powering the electronic system of the
present invention. The battery within the portion
of the module behind the protrusion 52 is conduc-
tively connected to the electronic system of the
present invention via electrical contacts 54, 55.
The electronic portion of the invention, as illus-
trated in some detail in Fig. 9, is physically located
on the top portion of the cell housing 10 and is
electrically connected to the electrical contacts
43—45, 54 and 55. The contacts 54, 55 also are
connected to supply power to a second electronic
system located on the top portion of the housing
10 and which corresponds to that of Fig. 9, but is
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set to detect a different gas or is present as a
redundant system to assure a high degree of
reliability, this second electronic system being
associated with the cell 11 via three contacts
(unnumbered) which correspond to the contacts
43—45.

The cell housing 10, with its associated electri-
cal contacts 43—45, and 54—b55, is shown in Fig.
6, with the apertures 14, 15 being visible. The
electronic system, including a small buzzer or
other audible alarm, is carried within the casing
generally designated by the numeral 56. The
casing 56 includes a pair of side walls 57, 58, a
backwall 59 and a front wall 60. The front wal! 60
does not extend longitudinally to the same extent
as the side walls 57, 58 and the back wall 59 so as
to provide an opening 61 having a vertical extent
such that when the disposable module housing
10 is inserted into the casing 56, the outermost
grille member 32 of the one cell and the corre-
sponding grille member of the other cell 11, as
well as the protruding portion 52 of the celi
housing 10 which contains the battery for the
electronic system, will not be covered. The casing
60 is open at the bottom so that the cell housing
10 can be easily inserted into it from the bottom
with its respective electrical contacts 43—45 and
corresponding ones associated with the cell 11
and contacts 54, 55 coming into contact with
appropriate connectors associated with the two
respective electronic systems which are carried
within the casing 60. The top wall 62 of the casing
56 includes a grille work 63, behind which an
appropriate buzzer or audible alarm (not visible)
for sounding an alarm signal is provided. An
alligator clip 64 is fixedly connected with an
upstanding tab 65 of the casing 56 so as to
provide a means connecting the alarm unit, con-
stitued by the casing 56 and the disposable celi
module within it, to the shirt pocket or the like of a
user. The cell housing 10 is removabiy held within
the casing 56 by a pair of detents, only one detent
66 being visible on one of the side surfaces of the
cell housing 10, a corresponding detent being and
on its corresponding outwardly facing side sur-
face, which is not visible. The detents 66 coaper-
ate with a pair of detents which are present on
opposed, inwardly facing side surfaces of the
casing 56, only one groove 67 being visible.

The real time differential pulse detection
(RDPD) sensor shown in Fig. 4 allows one to use
the differential pulse technique to improve both
the specificity and sensitivity of electrochemical
cells adapted to detect various species in a gase-
ous environment. The construction of the sensor
is similar to those described in the above-men-
tioned US—A~—3925183 and —4201634, with the
exception of the arrangement of parts and elec-
trode differences; the metal electrodes 33—35 are
configured in such a way to provide low
resistance and a very low dual layer capacitance,
are spaced close together. The sensing electrode
33 is sandwiched between a gas permeable mem-
brane 28 and a hydrophilic insulator, in the form
of Whatman filter papers 23, 24 and 26, soaked
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with the electrolyte, so the sensor can be
operated in any orientation or during movement.
The filter papers 23, 24 and 26 are positioned
between the sensing electrode 33 and each of the
reference electrode 34 and the counter electrode
35 allowing effective application of the electrolyte
while maintaining close spacing. The polypropy-
lene membrane 21 serves the purpose of protect-
ing the reference electrode 34 from interferents.
The metals preferably used to construct the sens-
ing electrode 33 can be operated at much higher
potentials than mercury, allowing one to detect
both oxidizable and reducible gases, uniike the
sensor disclosed in the above-mentioned
US—A—4048041. One should desirably use con-
centrated solution of a strong acid or base or a
salt as the electrolyte. Of course, these materials
should be selected and used in such concen-
tration taking into account expected operating
conditions and safety factors, so as to assure that
the materials will not precipitate out of solution
while using a solution which is as concentrated as
practicable. Among the many materials which can
be used for the electrolyte are aqueous solutions
of H,S0,, KOH and KCI.

The advantages of the RDPD sensor become
obvious after examining the two types of current
which flow through an electrochemical sensor
operating in the RDPD mode. Figs. 7A—7C depict
characteristics of the RDPD sensor of the present
invention in which cyanide is oxidized on a silver
or gold sensing electrode. The sensing electrode
potential with respect to the reference electrode is
periodically pulsed from zero mV to 50 mV, as
shown in Fig. 7A. Charging the sensing electrode
to its new potential results in a positive spike at
the beginning of each puise and a negative spike
at the end of each pulse, as shown in Fig. 7B. This
current is governed by the following equation,
Schmidt et al., (Modern Polarographic Methods),
see above.

AE -1
itty= exp [—-—], (1)
R RC

where
i(t)=background current at time t
AE=bias pulse height
R=cell resistance
t=time after initiation of bias pulse

C=dual layer capacitance of the sensing electrode.

The capacitive background current occurs in
both the absence or presence of the gas to be
detected. If the gas to be detected is present, the
Faradaic signal current shown in Fig. 7C is
superimposed on the background capacitive cur-
rent of Fig. 7B. The signal current is described by
the following equation Parry et al., {Analytical
Chemistry), see above.
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D12 ro-1
i(t)=nFAC [—] [ ], (2)

where
i(t)=agent signal current at time t
n=number of electrons transferred
per molecule of gas
F=Faraday’s constant
A=sensing electrode active area
C=agent concentration in the elec-
trolyte adjacent to the
electrode
D=diffusion coefficient of the
agent in the electrolyte
t=time after initiation of the
pulse
o=exp (nFAE/2RT)
AE=DPV bias pulse height
R=gas constant
T=temperature {K).

The DPV signal is the difference current, that is
i,—io. Therefore most interferents are removed
when the electronics system subtracts i;~i,.

Gas sensors described to date, such as those
cited in US—A—3925183 and —4201634, men-
tioned above, are unsuitable for use in the FDPV
mode for several reasons. The primary reason
invalves poor sensitivity due to the nature of the
gas sensing electrodes described in the literature.
Equation (2), supra, states that the signal level is
inversely proportional to the square root of the
time after the pulse begins. Since the signal is
measured at the end of the pulse, maximum
sensitivity is achieved by minimizing the puise
width. The minimum size of the pulse width is
determined by the time required for the capacitive
background current to decay, since it masks the
Faradaic gas signal until it decays to nearly zero.
Unfortunately, electrodes used in prior art gas
sensors exhibit a very slow background current
decay, which severely limits their sensitivity.
Their extraordinary large electrode surface area
cause a slow background current decay due to the
large R and C terms in equation (1), supra.

The background current problem of prior art
electrodes used in the RDPD mode is overcome in
this invention by using noble metal screen elec-
trodes or the like and placing them in relation to
the other parts as described above. This
decreases the R and C terms described in equa-
tion (1), supra, of the sensor several orders of
magnitude, and results in the improvement in the
background signal shown in Fig. 8C as compared
to the standard background current shown in Fig.
8B. The background signal improvement allows
one to utilize shorter pulses, which increases the
sensitivity as described in equation (2).

The use of the proposed waveform shown in
Fig. 8A instead of the prior art waveform shown in
US—A—3925183, enhances sensitivity in two
ways. First, the shorter pulse allows
measurement of the gas signal before it has
decayed to the degree in US—A—3925183.
Second, the short pulse, typically about 50 ms
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long, is only repeated once every second {50 ms
on—950 ms off), in contrast to the 200 ms
on—200 ms off cycle used in the prior art. it has
been established in the literature that the sensi-
tivity decreases as the pulse on-off ratio
increases.

In Fig. 9, a suitable, exemplary electronic
system for real time, differential pulse detection,
which is particularly useful when operatably asso-
ciated with the detection cell shown in Fig. 4 is
illustrated. The real time, differential puise detec-
tion electronic system, as illustrated in Fig. 9
includes a control circuit 68 having three syn-
chronizing outputs, a function generator 69
responsive to one output from the control circuit
68 and having one output, a detection cell 70,
which corresponds to the cell shown in exploded
configuration and Fig. 4, and a transducing net-
work (potentiostat) 71 which generates voltage
and/or current signals proportional to the amount
of agent reacting at the sensing electrode 33. The
output from the transducing network 71 is
coupled to an analog processing circuit 72, which
is controlled by two of the outpuis from the
control circuit 68, and has its output coupled to a
buffered, sample-and-hold circuit 73. The output
from the sampie-and-hoid circuit 73 is fed to a
threshold circuit 74 which, in turn, has its output
fed to an audible alarm circuit 75 which may be
constituted by a buzzer, and to a visible alarm
circuit 116, which may be constituted by a light-
emitting diode (L.E.D.).

In a practical embodiment, the control circuit
68, the function generator 69, the transducing
network 71 and the analog processing circuit 72
may be realized as a miniaturized circuit which
can be positioned adjacent a top portion of the
cell housing 10 (Fig. 4) and in electrical connec-
tion with contacts 43—45 and 54,55 (Fig. 4), while
the buffered, sample-and-hold circuit 73, the
alarm circuits 75 and 116, and the threshold
circuit 74 are desirably carried separately within
the casing 56 (Fig. 6). It is to be appreciated that
the output of a second analog processing circuit,
associated with the second detecting cell 11 (Fig.
4), could have its output also connected to the
buffered, sample-and-hold circuit 73 which would
serve to sound the alarm circuit 75 and energize
the aiarm 116 were either system to produce an
output from the respective analog processing
circuits. Of course, the buffered, sample-and-hold
circuit 73, the alarm circuit 75 and the threshold
circuit 74 could be realized as part of a single
disposable unit with the control circuit 68, the
function generator 69, the transducing network 71
and the analog processing circuit 72 were a single
real time differential pulse detection system,
rather than two such systems, utilized.

The power for the circuit illustrated in Fig. 9 is
obtained from a battery pack (not illustrated)
which includes a ground midpoint, a V+ voltage
terminal and a V— voltage terminal. A 4K ohm
resistor 76, a first voitage reference 77, a second
voltage reference 78 and a 4K ohm resistor 79 are
connected in series with one another in the order
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named between the V+ and the V— terminals, the
reference point (ground) being provided between
the anode and cathode of the respective voltage
references 77 and 78. The voltage references 77
and 78 provide for a constant steady D.C. voltage
across the same. A first voltage divider, consti-
tuted by the series connection of a 1K ohm
resistor 80, a 10K ohm potentiometer 81 and a 1K
ohm resistor 82 connected in series, is connected
across the voltage references 77, 78. A second
voltage divider constituted by the series connec-
tion of a 1K ohm resistor 83, a 10K ohm
potentiometer 84 and a 1K ohm resistor 85 is
connected in parallel with the voltage references
77, 78. The wiper of the potentiometer 81 is
connected to the non-inverting (+) terminai of an
operational amplifier 86, arranged in a non-invert-
ing amplifier, which has its inverting (—) terminal
connected to ground via a 10K ohm resistor 87
and its output terminal connected to its inverting
terminal via a 20K ohm resistor 88. The oper-
ational amplifier 86, with its associated circuit
components, is configured to buffer and to
amplify the voltage supplied from the
potentiometer 81.

The wiper of the potentiometer 84 is connected
to the non-inverting (+) terminal of an operational
amplifier 89 which is connected as a unity gain
buffer and has its output terminal directly con-
nected to its inverting terminal.

The output terminals of the operational ampli-
fiers 86 and 89 are coupled to the inverting {—)
terminal of a further operational amplifier 90
arranged as a summing, inverting amplifier, the
output terminal of the operational amplifier 86
being connected via a 10K ohm resistor 91, while
the output terminai of the operational amplifier 89
is connected via a series connection of a con-
trolled analog switch 92 and a 10K ohm resistor
93. The non-inverting {+) terminal of the oper-
ational amplifier 90 is connected to ground via a
5K ohm resistor 94 and its output terminal is
connected to its inverting input terminal via a 10K
ohm resistor 95. A synchronized output from the
control circuit 68, having the form of the
waveform illustrated as waveform C in Fig. 10, is
coupled to the enabling input of the analog switch
92.

The final stage, operational amplifier 90, of the
function generator 69 has its output terminal
connected directly to the non-inverting (+) input
terminal of an operational amplifier 96, the first
stage of the transducing network (potentiostat)
71. The output terminal of the operational ampli-
fier 96 is connected to the counterelectrode 35 of
the detection cell 70. The inverting (—) input
terminal of the operational amplifier 96 is con-
nected to the reference electrode 34 of the detec-
tion cell 70. The output and inverting input ter-
minals of the operational amplifier 96 being
coupled together via a .1 UF capacitor 97, so as to
reduce the possibility of the operational amplifier
96, and its associated circuitry undesirably going
into oscillation.

The detection cell 70, as illustrated in Fig. 9,
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includes a sensing electrode 33, which is also
shown in Fig. 4, is coupied to the inverting {-)
terminal of an operational amplifier 98, via a 33
ohm resistor 99 which provides noise reduction.
The non-inverting (+) terminal of the operational
amplifier 98 is connected to ground, the output
terminal thereof being connected to its inverting
(—) input terminal via a 2.2K ohm resistor 100. The
resistor 100 can be considered, in association
with the other circuit components connected to
the operational amplifier 98, to effect a current-to-
voltage conversion, the resistor 100 determining
the conversion gain. The output terminal of the
operational amplifier 98 is connected via a 5K
ohm resistor 101, to the respective input ter-
minals of controlled analog switches 102 and 103,
which are the input stages of the analog pro-
cessing circuit 72. The respective controlling
inputs to the analog switches 102 and 103, are
obtained from the control circuit 68 via connec-
tions thereto, the respective controlling inputs
being constituted by signals corresponding to the
waveforms shown in Fig. 10 as letter A and letter
B, respectively. The respective output terminals
from the analog switches 102, 103 are respec-
tively connected to the ungrounded side of .1 uF
capacitors 104 and 105. The opposite plates of the
capacitors 104 and 105 being connected to
ground. The ungrounded sides of the respective
capacitors 104, 105 are connected respectively to
the non-inverting (+) input terminals of
respective operational amplifiers 106 and 107, the
respective output terminals and inverting ()
input terminals of the respective amplifiers 1086
and 107 being connected via respective 22K ohm
resistors 108 and 109. The output terminai of the
operational amplifier 106 is connected to the
inverting (~) input terminal of the operational
amplifier 107 via a 22K ohm resistor 110. The
inverting (—) input terminal of the operational
amplifier 106 is connected to ground via a 22K
ohm resistor 111.

The output terminal of the operational amplifier
107, which constitutes the output from the analog
processing circuit 72, is connected to a controlled
analog switch 112 which forms the input stage of
the buffered sample-and-hold circuit 73. The
enabling input to the controiled analog switch 112
is obtained from the control circuit 68 via the
connection thereto which also provides the same
enabling input signal to the controlled analog
switch 103, this signal being shown as a
waveform B in Fig. 10. The output from the analog
switch 112 is fed to the unground plate of a .1 uF
capacitor 113, its other plate being grounded. The
capacitor 113 has its ungrounded piate connected
to the non-inverting (+) input terminal of an
operational amplifier 114, the inverting (—) input
terminal of the operational amplifier 114 being
directly connected to the output terminal thereof,
which constitutes the output from the buffered,
sample-and-hold circuit 73. The output terminal
from the operational amplifier 114 is connected to
a first input terminal of a threshold comparator
115 which has its other input terminal connected
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to a wiper of a potentiometer 116 which, as
shown, is connected between the V+ and V-
terminals of the battery pack power source. The
potentiometer 116 could be connected in parallel
with the voltage references 77, 78 for better
regulation. The output from the threshold com-
parator 115, which constitutes the output of the
threshold circuit 74, is connected to the audible
alarm circuit 75, illustrated as a buzzer. The output
of the threshold comparator 115 is also fed to a
visible alarm circuit 117, illustrated as a light
emitting diode (L.E.D.) 116 which may be
powered from a switched power source or in
some cases, an oscillator which would cause the
L.E.D. 116 to blink on and off. The operational
amplifiers 86, 89, 90, 96, 98, 106, 107 and 114 can
be realized from respective one-quarters of two
quad CMOS OP AMPS e.g. Intersil's ICL 7641
circuit modules.

Referring further to Fig. 9, reference being
made additionally to Fig. 10, a brief discussion of
the set up and operative sequence of the present
invention is to be discussed. The user first deter-
mines which gas is to be detected, and selects the
appropriate electrolyte which is placed in the
electrolyte reservoir 13 (Fig. 4). This eiectrolyte,
because of the wick 47 which extends from the
reservoir 13 and to physical contact with the
Whatman filter papers 23, 24 and 26 (Fig. 4),
transfers some electrolyte into space between the
sensing electrode 33 and each of the counter
electrode 35 and the reference electrode 34.

One then selects, before placing the system into
field operation, an appropriate fixed D.C. voitage
bias by suitably adjusting the wiper of the
potentiometer 81 so that the D.C. voltage at the
non-inverting input to the operational amplifier 86
in Fig. 9 has a selected steady level which results
in a steady, given D.C. voltage appearing on the
inverting input terminai of the operational ampli-
fier 90, which has its output directly connected to
the non-inverting input terminal of the oper-
ational amplifier 96. The output terminal of the
operational amplifier 96 and its inverting input
terminal are directly respectively connected con- -
ductively to the reference electrode 35 and the
counterelectrode 34 of the detection cell 70, as
pointed out above. One then selects the mag-
nitude of the differential D.C. pulse which is to be
superimposed on a representation of the fixed-
background-bias D.C. by adjusting the wiper of
the potentiometer 84. One may also set the
sensitivity of the system by adjusting the wiper of
the potentiometer 116 of the threshold circuit 74
so that a given output from the buffered, sample-
and-hold circuit 73 must be present before the
alarm circuits 75 and 116 respond. The system is
then ready for operation under the control and
synchronism of the control circuit 68 which may
be realized as a timing circuit which includes a
master oscillator, counters and logic circuits, so
as to produce the appropriate control puises,
shown as waveform A—C in Fig. 10, in timed,
synchronized sequence.

The control circuit 68, when turned on by user
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as suggested by the START input produces a train
of short, for example ten ms pulses, the puises
being shown as waveform A in Fig. 10, the
individual puises acting to enable the analog
switch 102 which, when enabled, effects a trans-
fer of the output signal from the operational
amplifier 98 of the transducing network 71 to
charge the storage capacitor 104 during the dura-
tion of the enabling puise. This results in a voltage
across the capacitor 104 which corresponds to the
current produced from the transducing network
71 which responds to output from the sensing
electrode 33 (Figs. 4, 9) the detection cell just prior
to the superposition of the differential D.C. pulse
on the aforementioned and already present fixed-
background-bias D.C. voltage fed to the inverting
input terminal of the operational amplifier 30 and
provided from the operational amplifier 86. In
timed relationship with the individual puises
shown in waveform A in Fig. 10, the puise control
circuit 68 produces, at the trailing edge of each of
these pulses, respective control pulses of, for
example, 40 ms lengths having the waveform C
illustrated in Fig. 10 which enables the analog
gate 92, causing a representation of the D.C.
voltage output from the operational amplifier 89
to be superimposed on the fixed-background-bias
D.C. potential output from the operational ampli-
fier 86 as set by the placement of the wiper of the
potentiometer 81. As a result, the reference elec-
trode 34 exhibits an increase in voltage thereof for
the duration of the individual control pulses illus-
trated as waveform C in Fig. 10. About 10 ms
before the respective enabling pulses applied to
the analog switch 92 ends, the control circuit 68
produces a further 10 ms enabling puise which is
applied to the respective analog switches 103 and
112 so as to enable these respective analog
switches and in effect, transfer the difference
between the stored signals appearing across the
capacitors 104 and 105 to be buffered sample-
and-hold circuit 73 via the operational amplifier
107 and, in particular, to the capacitor 113.

As pointed out above, the capacitors 104 and
105 are identical in size, therefore the respective
voltages which appear on these respective
capacitors correspond respectively to currents
produced from the transducing network 71 which
respectively correspond to the voitages produced
from the detection cell 70 just before the begin-
ning and just before the end of each of the pulses
shown in Fig. 10 as waveform C and which are
used to enable the analog switch 92.

The signals from the operational amplifier 107
are thus periodically stored on the capacitor 113
and the production thereof, at least over a given
special level, indicates the presence of an agent to
be detected, such as a gas, and which has been
detected by the detection cell 70. The buffered,
sample-and-hold circuit 73, in effect, holds the
highest level it receives from the operational
amplifier 107, which output is fed to the oper-
ational amplifier 114 which has its output coupled
to the threshold circuit 74, in particular, to one
input of the threshold comparator 115, which has
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its other input connected to the adjustable
threshold level setting potentiometer 116. When-
ever the output from the operational amplifier 114
exceeds the voltage supplied from the
potentiometer 116, the threshold comparator 115
provides an output which enables the alarm
circuits 75 and 116 or one of them if only one is
present, these alarm circuits being shown as a
buzzer and an L.E.D. In instances where the L.E.D.
alarm circuit 116 is provided, it is turned on by an
output from the threshoid comparator 115, blink-
ing in the case an oscillator is used to supply the
power to the L.E.D. via a controlled switch (not
shown) responsive to output from the threshold
comparator 115. The output from the amplifier
114 could be used alternatively or in addition to
effecting the turning on of the alarm circuits 75
and 116, to provide a direct analog readout to a
meter or the like or be associated with digital
storage and/or display and/or further processing.
It is to be understood that the foregoing
description, and accompanying iillustrations have
not been set by way of limitation, but by way of
example. it is to be appreciated that numerous
other embodiments and variants are possible.

Claims

1. A system for detecting a gaseous agent in an
environment comprising an electrochemical
detection cell (70) having a reference electrode
(34), a counter electrode (35) and a sensing
glectrode (33); said reference electrode (34) and
said counter electrode (35) being spaced apart
from each other and from said sensing electrode
(33), with an electrolyte in contact with said
reference electrode (34), counter electrode (35)
and sensing electrode (33} an operational ampli-
fier (96) having an output terminal, an inverting
input terminal and a non-inverting input terminal,
said output terminali being coupled to said
counter electrode (35), said reference electrode
(34) being coupled to one of said input terminals;
characterized by a permselective membrane (28)
having a first surface exposed to said environ-
ment for passing said gaseous agent in said
environment through said membrane (28) to said
sensing electrode (33), means (81, 8688, 90, 91,
94, 95) for applying a fixed D.C. voltage bias to the
other of said input terminals; means (68, 84, 89,
90, 92—95) for applying at least one differential
D.C. voltage pulse to said other input terminal to
superimpose same on said fixed D.C. voltage bias
to provide a corresponding differential D.C. volt-
age pulse on its output terminal, and means (68,
98—111) coupled to said sensing electrode (33)
and responsive to current therefrom for determin-
ing difference in currents produced during a
period before application of the differential D.C.
voltage pulse and a period before termination
thereof as an indication of presence of said
gaseous agent.

2. A system according to claim 1, characterized
in that said means (68, 98—111) coupled to said
sensing electrode (33) and responsive to current
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therefrom include first storage means {104) for
storing a signal representative of current from
said sensing electrode (33) during a period before
application of said differential D.C. voltage pulse
and second storage means (105) for storing a
signal representative of current from said sensing
electrode (33) during a period before termination
of said D.C. voltage pulse.

3. A system according to claim 2, characterized
by means {106—110) coupled to said first storage
means (104) and to said second storage means
(105) and responsive to the signals therefrom for
determining the difference therebetween.

4. A system according to claim 3, characterized
by alarm means (75), coupled to said means
(106—110) that are coupled to said first storage
means (104) and to said second storage means
(105).

5. A system according to claim 1, characterized
in that said electrochemical detection cell (70)
include at least one further membrane (21) posi-
tioned between said counter electrode (35) and a
gas-containing chamber (17) and between said
reference electrode (34) and the gas-containing
chamber (17).

8. A system according to claim 1, characterized
in that said reference electrode (34), said counter
electrode {35) and said sensing electrode (33)
each include a mesh.

7. A system according to claim 1, characterized
in that said sensing electrode including a mesh
and said reference electrode and said counter
electrode, each comprise a composite electrode.

8. A system according to claim 1, characterized
by means (23, 24, 26) positioned between said
sensing electrode (33} and each of said reference
electrode (34) and counter electrode (35) for
bringing an electrolyte into contact with said
electrodes {33—35).

9. A system according to claim 1, characterized
by a chamber (13) for supplying electrolyte; a
chamber (17) for holding gas; a membrane (21)
positioned over an opening from said chamber
(17) for holding gas; a reference electrode (34)
and a counter electrode {35) positioned over said
membrane (21), said reference electrode (34) and
said counter electrode (35) being carried by a
further membrane (22); means (23, 24, 26) posi-
tioned over said reference electrode (34) and said
counter electrode (35) for holding electrolyte, said
means (23, 24, 26) positioned over said reference
electrode (34) and said counter electrode (35)
being in fluid communication (47) with said
chamber (13) for supplying electrolyte; a sensing
electrode (33), said sensing electrode (33) being
carried by an additional membrane (27); and a
permselective membrane (28} positioned over
said sensing electrode (33) to provide for selective
fluid communication with said gaseous agent in
said environment.

10. A method for detecting a gaseous agentin a
environment with an electrochemical detection
cell (70) having a sensing electrode (33), a counter
electrode (35) and a reference electrode (34), said
reference electrode (34) and said counter elec-
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trode (35) spaced apart from each other and from
said sensing electrode (33) and having an electro-
lyte in contact with said reference electrode (34),
counter electrode (35) and sensing electrode (33),
characterized by the steps of exposing said
environment to one side of a permselective mem-
brane (28) capable of passing said gaseous agent,
exposing said sensing electrode (33) to said gase-
ous agent passing through said membrane (28),
applying a fixed D.C. voltage bias to the counter
electrode (35) for supplying electrical current
through said electrolyte to said sensing electrode
(33) to maintain a predetermined potential at said
reference electrode (34}, superimposing at least
one differential D.C. voltage pulse on the fixed
D.C. voltage bias applied to said counter electrode
(35), and determining the difference between
current signals produced from the sensing elec-
trode {33) during a period before superimposing
the differential D.C. voltage pulse and in a period
before termination of the differential D.C. voltage
pulse.

Patentanspriiche

1. System zur Bestimmung eines gasformigen
Stoffes in einer Umgebung, bestehend aus einer
elektrochemischen Detektorzelie (70), die eine
Bezugselektrode (34), eine Gegenelektrode (35)
und eine Sensorelektrode (33) aufweist, wobei die
Bezugselektrode (34) und die Gegenelektrode (35)
voneinander und von der Sensorelektrode (33)
beabstandet sind, wobei ein Elektrolyt mit der
Bezugselektrode (34), der Gegenelektrode (35)
und der Sensorelektrode (33) in Kontakt steht,
sowie aus einem Funktionsverstarker (96), der
einen AusgangsanschiuB, einen invertierenden
EingangsanschluB und einen nicht invertierenden
Eingangsanschiul} aufweist, von denen der Aus-
gangsanschlu® mit der Gegenelektrode (35) und
einer der Eingangsanschlisse mit der Bezugse-
lektrode (34) verbunden ist, gekennzeichnet durch
eine selektiv durchiissigen Membran (28) mit
einer ersten, der Umgebung ausgesetzten Ober-
fliche, um den gasformigen Stoff in der Umge-
bung durch die Membran (28) zur Sensorelek-
trode (33) durchzulassen, eine Einrichtung (81,
86-—88, 90, 91, 94, 95) zum Anlegen einer festen
Gleich-Verspannung an den anderen der Ein-
gangsanschiiisse, eine Einrichtung {68, 84, 89, 90,
92--95) zum Anlegen wenigstens eines Differ-
ential-Gleichspannungsimpulses an den anderen
Eingangsanschlu®, um diesen der festen Gleich-
Vorspannung zu (iberlagern und einen entspre-
chenden Differential-Gleichspannungsimpuls an
dessen Ausgangsanschlufd zu erzeugen, und eine
Einrichtung (68, 98—111), die mit der Sensorelek-
trode (33) verbunden ist und auf Strom hiervon
anspricht, um die Differenz der wéhrend einer
Periode vor dem Anlegen des Differential-Gleich-
spannungsimpulses und einer Periode vor dessen
Beendigung als Anzeige des Vorhandensein des
gasférmigen Stoffes zu bestimmen.

2. System nach Anspruch 1, dadurch gekenn-
zeichnet, daR die Einrichtung (68, 98—11), die mit
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der Sensorelektronik {33) verbunden ist und auf
Strom hiervon anspricht, eine erste Speicherein-
richtung (104) zum Speichern eines Signals, das
fiir den Strom von der Sensorelektrode (33) wah-
rend einer Periode vor dem Anlegen des Differ-
ential-Gleichspannungsimpulses charakteristisch
ist, und eine zweite Speichereinrichtung (105)
zum Speichern eines Signals aufweist, das fiir
den Strom von der Sensorelektrode {33) wahrend
einer Periode vor Beendigung des Gleichspan-
nungsimpulses charakteristisch ist.

3. System nach Anspruch 2, gekennzeichnet
durch eine Einrichtung {106—110), die mit der
ersten Speichereinrichtung {104) und der zweiten
Speichereinrichtung (105} verbunden ist und auf
deren Signale zur Bestimmung der Differenz
zwischen diesen anspricht.

4. System nach Anspruch 3, gekennzeichnet
durch eine Alarmeinrichtung (75), die mit der
Einrichtung (106—110) verbunden ist, die mit der
ersten Speichereinrichtung (104) und der zweiten
Speichereinrichtung {105) verbunden ist.

5. System nach Anspruch 1, dadurch gekenn-
zeichnet, daR die elektrochemische Detektorzeile
(70) wenigstens eine weitere Menbran (21) auf-
weist, die zwischen der Gegenelektrode (35) und
einer Gas enthaitenden Kammer (117} und
zwischen der Bezugselektrode (34) und der Gas
enthaitenden Kammer (17) angeordnet ist.

6. System nach Anspruch 1, dadurch gekenn-
zeichnet, dal® die Bezugselektrode (34), die
Gegenelektrode (35) und die Sensorelektrode (33)
jeweils ein Gitter aufweisen.

7. System nach Anspruch 1, dadurch gekenn-
zeichnet, daR die Sensorelektrode, die ein Gitter
aufweist, die Bezugselektrode und die Gegenelek-
trode jeweils eine Zusammengeseizte Elektrode
bilden.

8. System nach Anspruch 1, gekennzeichnet,
durch eine Einrichtung (23, 24, 26), die zwischen
der Sensorelektrode (33) und der Bezugselektrode
(34) und der Gegenelektrode (35) angeordnet ist,
um einen Elektrolyten mit den Elektroden
(33—35) in Kontakt zu bringen.

9. System nach Anspruch 1, gekennzeichnet
durch eine Kammer {13) flr die Elektrolytzufuhr,
eine Kammer (17) zur Gasaufnahme, eine Kam-
mer (21), die (iber einer Offnung der Gasaufnah-
mekammer (17} angeordnet ist, eine Bezugselek-
trode (34) und eine Gegenelektrode (35), die {iber
der Membran {21) angeordnet sind, wobei die
Bezugselektrode (34) und die Gegenelektrode (35)
von einer weiteren Mebran (22) gehalten sind,
eine Einrichtung (23, 24, 26) zur Elektrolytauf-
nahme, die (iber der Bezugselektrode (34) und der
Gegenelektrode (35) angeordnet ist, und die zur
Elektrolytzufuhr mit der Kammer {13) in Stro-
mungsmittelverbindung (47) steht, wobei die
Sensorelektrode (23) von einer zusatzlichen Mem-
bran (27) gehalten ist, und eine selektiv durchlés-
sige Membran (28), die tber der Sensorelektrode
{33) angeordnet ist, um eine selektive Strémungs-
mittelverbindung mit dem gasférmigen Stoff in
der Umgebung zu bilden.

10. Verfahren zur Bestimmung eines gasférmi-
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gen Stoffes in einer Umgebung mit einer elektro-
chemischen Detektorzelle (70}, die eine Sensore-
lektrode (33), eine Gegenelektrode (35) und eine
Bezugselektrode (34) hat, wobei die Bezugselek-
trode {34) und die Gegenelektrode {35) voneinan-
der und von der Sensorelektrode (33) beabstan-
det sind, sowie einen mit der Bezugselektrode
{34), der Gegenelektrode (35) und der Sensorelek-
trode (33) in Kontakt befindlichen Elekirolyten,
dadurch gekennzeichnet, da? die Umgebung
einer Seite der selektiv durchlassigen Membran
ausgesetzt wird, die den gasférmigen Stoff durch-
lassen kann, die Sensorelektrode (33) dem gasfor-
migen Stoff ausgesetzt wird, der durch die Mem-
bran (28) tritt, eine feste Gleich-Vorspannung an
die Elektrode (35) angelegt wird, um der Sensore-
lektrode (33) durch den Elektrolyten elektrischen
Stom zuzuflihren und ein bestimmtes Potentiel an
der Bezugselektrode (34) aufrechtzuerhalten,
wenigstens ein Differential-Gleichspannungspuls
der festen Gleich-Vorspannung Uberlagert wird,
die an die Gegenelektrode (35) angelegt wird, und
die Differenz zwischen den Stromsignalen, die
von der Sensorelektrode (33) wéhrend einer
Periode vor der Uberlagerung des Differential-
Glei¢chspannungsimpulses und einer Periode vor
der Beendigung des Differential-Gleichspan-
nungsimpulses erzeugt werden, bestimmt wird.

Revendications

1. Systéme pour la détection d'un agent gazeux
dans un environnement comprenant une cellule
électrochimique de détection (70} comportant une
électrode de reférence (34), une contre-électrode
(35) et une électrode de détection {33); |"électrode
de référence (34) et la contre-électrode (35) étant
espacées |'une de l'autre et de I'électrode de
détection (33), avec un électrolyte en contact avec
I’électrode de référence (34), la contre-électrode
(35) et I'électrode de détection (33), un amplifica-
teur opérationnel (96) ayant une borne de sortie,
une borne d'entrée d'inversion et une borne
d’entrée de non-inversion, la borne de sortie étant
reliée & la contre-électrode (35), I'électrode de
référence (34) étant reliée 3§ I'une des bornes
d'entrée, caractérisé par une membrane perméa-
ble sélective (28) ayant une premiére surface
exposée a l'environnement pour laisser passer
I'agent gazeux dans l'environnement & travers la
membrane (28) vers l'électrode de détection (33),
des moyens (81, 86—88, 90, 91, 94, 95) pour
appliquer une polarisation fixe par tension a
courant continu a I'autre des bornes d'entrée; des
movyens (68, 84, 89, 90, 92—95) pour appliquer au
moins une impulsion de tension différentielle a
courant continu a ladite autre borne d'entrée pour
la superposer a la polarisation par tension fixe a
courant continu afin de fournir une impulision
correspondante de tension différentielle & courant
continu sur sa borne de sortie, et un moyen (68,
98—111) couplé a I'électrode de détection (33) et
répondant a un courant en provenant pour déter-
miner la différence entre courants produits au
cours d'une certaine période ayant [‘application
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de I'impulsion de tension différentielle & courant
continue et une période précédant son achéve-
ment comme indication de la présence de I'agent
gazeux.

2. Systéme selon la revendication 1, caractérisé
en ce que les moyens (68, 98—111) reliés a
l'électrode de détection (33) et répondant au
courant en provenant comprennent un premier
moyen de stockage (104) pour stocker un signal
représentatif du courant provenant de ['électrode
de détection (33} au cours d'une période précé-
dant I'application de I'impulsion de tension diffé-
rentielle a courant continu et un second moyen de
stockage (105) pour stocker un signal représenta-
tif du courant provenant de |'électrode de détec-
tion (33) au cours d’une période précédent I'aché-
vement de l'impulsion de tension & courant
continu.

3. Systéme selon la revendication 2, caractérisé
par des moyens (106—110) reliés au premier
movyen de stockage (104) et au second moyen de
stockage (105) et répondant aux signaux en pro-
venant pour déterminer la différence les séparant.

4. Systéme selon la revendication 3, caractérisé
par un moyen d‘alarme {75) couplé aux moyens
{106—110) qui sont reliés au premier moyen de
stockage (104) et au second moyen de stockage
(105).

5. Systéme selon la revendication 1, caractérisé
en ce que la cellule électrochimique de détection
(70) comporte au moins une autre membrane (21)
placée entre la contre-électrode (35) et une cham-
bre (17) contenant un gaz et entre I'électrode de
référence (34) et la chambre contenant un gaz
(17).

6. Systéme selon la revendication 1, caractérisé
en ce que |'électrode de référence (34), la contre-
électrode (35) et I'électrode de détection (33)
comportent chacune un tamis. '

7. Systéme selon la revendication 1, caractérisé
en ce que l'électrode de détection comporte un
tamis et |'électrode de référence et la contre-
électrode comprenent chacun une électrode com-
posite.

8. Systéme selon la revendication 1, caractérisé
par des moyens {23, 24, 26) placés entre I'élec-
trode de détection (33) et chacune des électrodes
de référence (34) et contre-électrode (35) pour
amener un électrolyte en contact avec les élec-
trodes (33—35).

9. Systéme selon la revendication 1, caractérisé
par une chambre {13) pour fournir de |"électrolyte;
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une chambre (17) pour contenir un gaz; une
membrane (21) placée sur une ouverture de la
chambre (17) pour maintenir un gaz; une élec-
trode de référence (34) et une contre-électrode
(35) placées sur la membrane (21), I'électrode de
référence (34) et la contre-électrode (35) étant
supportées par une autre membrane (22); des
movyens (23, 24, 26) placés sur |'électrode de
référence (34) et la contre-électrode (35) pour
maintenir 'électralyte, les moyens (23, 24, 26)
placés sur |'électrode de référence (34) et la
contre-électrode (35} communiquant (47) par
fluide avec la chambre (13} pour fournir de I'élec-
trolyte; une électrode de détection (33), I'élec-
trode de détection (33) étant portée par une
membrane supplémentaire (27), une membrane
perméable sélective (28) placée sur I'électrode de
détection (33) pour fournir une communication
sélective de fiuide avec I'agent gazeux dans |'en-
vironnement.

10. Procédé de détection d'un agent gazeux
dans un environnement avec une cellule électro-
chimique de détection (70) ayant une électrode de
détection (33), une contre-électrode (35) et une
électrode de référence (34), I'électrode de réfe-
rence {34) et la contre-électrode (35) étant espa-
cées I'une de I'autre et de I'électrode de détection
(33) et ayant un électrolyte en contact avec I'élec-
trode de référence (34), la contre-électrode (35) et
I'électrode de détection (33), caractérisé par les
étapes consistant & exposer I'environnement & un
c6té d'une membrane perméable sélective {28)
capable de laisser passer I'agent gazeux, a expo-
ser |'électrode de détection (33) a I'agent gazeux
traversant la membrane (28), & appliquer une
polarisation par tension fixe & courant continu a la
contre-électrode (35) pour fournir du courant
¢électrique par l'intermédiaire de |"électrolyte &
I'électrode de détection (33) afin de maintenir un
potentiel prédéterminé a |"électrode de référence
(34), a superposer au moins une impuision de
tension différentielle & courant continu a la polari-
sation par tension fixe & courant continu appli-
quée a la contre-électrode (35), et & déterminer la
différence entre des signaux de courant produits
a partir de I'électrode de détection (33) pendant
une période précédant la superposition de I'im-
pulsion de tension différentielle 4 courant continu
et dans une période précédant "achévement de
impulsion de tension différentieile & courant
continu.
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